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Abstract 
This paper proposes a methodology for design and manufacturing of wind turbine blades of low capacity 
with CAD (Computer Aided Design)/ CAM (Computer Aided Manufacturing) techniques and composite 
materials. The design of the blades was performed with help of specialized software, one of them 
developed in the author’s institution (TIMEO®). The manufacturing of the blades model was executed in 
a machining center of three axes CNC, DYNA MYTE DM-4800. The final manufacture of composite 
materials was performed. 
 
The wind energy is an indirect form of the solar energy, since they are the temperature differences and the 
pressure-induced in the atmosphere by absorbing solar radiation, which set in motion the winds. The rotor 
mission in a wind turbine is transforming this kinetic energy of wind to mechanic energy. In this paper the 
design of the blades is based on the blade element moment theory. For the design and manufacturing 
CAD/CAM was developed a general methodology.  In manufacturing of the blade was necessary to 
manufacture a false bed, which was used as a virtual axis, this is because the milling machine where this 
was manufactured only has three axes. 
 
The mechanical efficiency of a wind turbine depends on other factors airfoil blade, since the aerodynamic 
forces that occur in this provides the torque necessary for rotating the electric generator. In this sense, 
obtaining highly accurate airfoil geometries helps to improve the efficiency of the wind machine. 
 
Blades were manufactured of length 75.5 cm, for a 600 watts wind turbine power, the design parameters 
were based on the environmental conditions of the coast of Michoacán, Mexico. The machining of the 
blades model are made from wood by mechanical milling, which is a manufacturing process for metal 
removal performed by the motion of a rotating cutting tool called milling cutter. The final manufacture of 
fiberglass performed and in which an internal structure is proposed to provide the parameters necessary 
rigidity and flexibility. 
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The results obtained show that is feasible the manufacture of this type of mechanical elements through 
these techniques. We show that the precise control of geometry directly impacts in the aerodynamic 
efficiency of wind machine. 
 
© 2013 The Authors. Published by Elsevier Ltd.  
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Nomenclature 
A area 
V  wind velocity 
ρ density 
E energy 
ηT  turbine efficiency 
ηmec mechanical efficiency 
Cp power coefficient 
CPmax maximum power coefficient 
Pout rotor energy 
a axial induction factor 
M momentum 
PI pressure intrados 
PU pressure extrados 
c chord 
B number of blades 
CL coefficient stall 
R rotor radius 
λ specific speed 
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1. Aerodynamics of Wind Turbines 
1.1. Wind Resource 
From a practical point of view wind energy content that interests us is the energy advantage of the 
wind. This energy content depends on the density and velocity of air. Air density, like any gas, varies with 
temperature and pressure, the latter in turn varies with the height of sea level. The energy of an air mass 
that moves is determined by the so-called Law of the cube: 
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To determine the power of a turbine rotor is generally used ideally a simple model attributed to Albert 
Betz[1]. In wind turbines wind power is extracted by subtracting amount of movement of the current, so it 
is useful to know the upper limit of extractable energy. This provides an ideal state in which the processes 
are performed with the utmost perfection. It is therefore necessary to eliminate all effects of energy 
dissipation due to the viscosity of the air, which contribute to inefficiencies. The Betz limit is the 
maximum theoretical power coefficient (Cpmax=16/27). In practice there are three major effects that 
decrease the maximum usable power coefficient which are: the rotation of the wake behind the rotor, the 
finite number of blades with the losses associated with the tip and aerodynamic drag. The overall 
efficiency of the turbine is a function of power coefficient and mechanical efficiency (including 
electrical), as shown in (2) and (3), where we can see the basic parameters of efficiency and power of a 
wind turbine. 
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1.2. Aerodynamic Design 
The mission of a wind turbine rotor is to transform kinetic energy of wind into mechanical energy. 
The blades of the rotors have some form in cross section allowing them to make the most of wind energy. 
These forms are known as airfoils. Wind flow which impinges on the airfoil surface distribution of force 
occurs. The net effect of the distributions of pressure and shear on the aerodynamic profile is a resultant 
force R and moment M. The resultant force R is divided into two vector components, that is the lift L is 
the vertical component of R perpendicular to the flow rate or flow velocity V∞ free, and D is the drag, is 
the horizontal component of R parallel to the flow velocity V∞ (fig. 1). Other important concepts in the 
nomenclature are airfoils; chord C, which is the connecting line between the leading edge of the profile 
with the trailing edge, the angle of attack is the angle between the cord and the free stream velocity V∞. 
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 Figura 1. Resultant aerodynamic force and its components. 
 
In the design of the horizontal axis turbines need to be considered besides the flow velocity, flows 
velocity due to the rotation of the blade, which will be greater as the distance from axis. This means that 
the aerodynamic forces will depend on the free stream velocity and the distance of the segment analyzed 
with respect to the axis. In the blade design is its scale becomes necessary discretizar throughout, to thus 
specify in each discretized points, among other things, the length of the cord and the angle of attack. 
 
The design of the blades in this article is based on the simplified theory or design theory blades when 
the blade element (BEM) [2]. According to the type of application is selected a specific speed, for power 
generation, using values between 5 and 9. 
 
Another important concept to define is the resultant moment due to aerodynamic, which is obtained 
from the expression: 
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Calculating the cord at each discretized point where the blade is performed using the simplified theory 
[4] which states:  
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2. General Procedure for the Design of Rotor. 
2.1. Determining design parameters 
Wind speed. The design speed usually has average values the wind speed at the location for the 
installation of wind turbines. All turbines requires a minimum wind speed for its starting and another to 
keep it within its operating range, this is the rate for which the turbine is designed. 
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Power required in the production of electrical energy. The power required is a function of the energy 
amount that requires the system to which it is desired to supply electric power. A previous study 
determined system to supply this parameter.  
 
Airfoil selection is enhanced depending on the intentions aerodynamic manufacturing and the specific 
speed ( O ). Also to be Considered other design parameters: such as efficiencies of components 
(generator, gearbox, etc.), and determine the power coefficient Cp. 
 
2.2. General Methodology design and manufacturing CAD / CAM 
 
Figure 2 illustrates a general methodology followed to manufacture the blades, which is divided into 
three sections. In the first design parameters determine which feed TIMEO ® software, the software 
provides aerodynamic design data and also generates vectorized profile design which also has an interface 
with software design and finite element simulation. In the second section uses CAD software to draw the 
geometry of the false bed (the bed false replaces the fourth axis of the machine), it generates the templates 
in 2D and 3D (Fig. 3), then are scheduled and are simulated using a CAM software (fig. 4) to conclude 
this section with machined false bed CNC machining center (Computer Numerical Control). In the last 
section similarly to the previous once have vectorized the blade in CAD software, is programmed and 
simulated in CAM  (fig. 5)  software for machining conclude with the blade in the machining center (fig. 
6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. General Methodology design and manufacturing CAD / CAM 
 
 
For the generation of the machining center is used CAM software, the software programs are created: 
the bed false bottom or upper and lower surfaces or extrados of the blade. 
 
The first element to be machined is the bottom or lower surface of the blade, Figure 12, because it sits 
on the bed subjection false to the best of blade at the time of manufacture of the extrados. 
 
 
 
Determination of design parameters 
Creation of the blade geometry through the 
software TIMEO® 
Vectorized 3D using CAD software 
Drawing templates for false bed using CAD 
software 
Programming and simulation using CAM software  
Vectorized the blade in CAD software 
Programming and simulation using CAM software  
CNC machining of blade 
Blade 
Machining CNC of false bed 
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Fig. 3. Bed false vectorized or mold, the intrados (bottom) of the blade in the CAD software. 
 
 
 
 
Fig. 4. Bed false or mold, the intrados of the blade in the CAM software. 
 
 
 
 
Fig. 5. Bottom blade in CAM software. 
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Fig. 6. Machining center and blade manufactured. 
2.2. Machining process 
The machining process is performed in the laboratory of CNC Manufacturing (Computer Numerical 
Control), Faculty of Mechanical Engineering of the Universidad Michoacana de San Nicolás de Hidalgo, 
the machining center is a MYTE DYNA DM-4800, M3 MELDAS MITSUBISHI CNC controller, 
capacity: 3 axes with 48 "on the shaft "X", 20 "in the" Y "and 40" in the "Z" axis, main motor 4 hp, 24 
carousel to change tools, machining center memory of 720 Kbyte, automatic speed 10 to 4200 rpm, 
pneumatic tool change, RS232C interface for PC programming language code G / M fanuc controller. 
The Figure 6 depicts the milling process by peeling false bed by using a tool chip ball. 
 
2.3. Manufacture of composite materials. 
Once the prototype blade in MDF (Medium-density fibreboard), this was used to create the fiberglass 
molds. The blade was coated with wax release agent to then place the fiber on the prototype and wet it 
with epoxy. With molds made proceed to manufacture the blades, placing first gel-coat for protection 
against the environment and then the glass fiber, applying the epoxy resin by hand. When the material has 
cured polyurethane was poured into the mold (fig. 7), and once the reaction is possible to open the mold 
and remove the blade. The fig. 8 shows the finished blade. 
 
 
 
 
 
 
 
 
 
Fig. 7. Internal structure of the blade, consisting of fiberglass and polyurethane 
 
 Fiberglass 
Thickness:2.5 mm 
Polyurethan
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Fig. 8. Manufacturing end of blade (length 75.5 cm). 
Results  
The wind turbine manufacturing techniques using CAD / CAM ensures perfect aerodynamics and this 
directly affects the mechanical efficiency of the machine. The first tests of the machine boot have yielded 
very satisfactory results. Fig. 9 shows the first three tests of the turbine starter, a graph of voltage versus 
wind speed. It is noteworthy that the machine startup to achieve speeds between 3 and 4 m/s, but yet are 
still being tested in the wind tunnel. The proposed methodology for manufacturing integrally advantage of 
computational tools to refine the design and manufacturing process, and is expected to serve as a 
reference for future work on the subject. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9. Voltage Curve (Startup Test) and Wind turbine. 
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